Since the inception of microarray technology, the amount of available gene expression information has skyrocketed. As a massive parallel platform for data gathering, microarrays make it possible to obtain data about global gene expression changes under varying physiological or pathological conditions (1−3) . Gene probes labeled with fluorescent dye, along with microspotting devices, make microarray technology a sensitive and highthroughput tool for measuring expression level changes of tens of thousands of transcripts simultaneously (4) .
A microarray experiment generally begins with gene targets (cDNA or oligonucleotides) spotted onto a processed microscope slide. A coverslip is then used to distribute the hybridization solution across the spotted area (array). Finally, the setup is placed in a humid hybridization chamber to maintain a stable microenvironment during hybridization. While microarray technology offers enormous increases in throughput, data quality still depends on various experimental conditions. These include the quality of printed DNA and processed microscope slides, environmental controls during printing, composition and temperature of hybridization solution, and the quality of the probes. All of these factors influence reproducibility, and often an experiment must be repeated numerous times to increase the data reliability (5−8).
Two-color fluorescent labeling has made microarray technology more powerful than the traditional singlelabeling hybridization procedure. However, a drawback of this fluorescence-based technology is that fluorescent probes are less sensitive than radioactively labeled ones (9) . For this reason, microarray experiments generally require large amounts of RNA as the initial labeling material (sometimes up to 100 µg; see protocol in http:// cmgm.stanford.edu/pbrown/protocols/ 4_human_RNA.html). This can lead to difficulties when dealing with clinical samples, where the samples are often small and hard to obtain. It limits the potential for repeating experiments to increase the reliability of the data or probing different gene arrays to expand the gene coverage.
One way to alleviate these problems is to hybridize multiple slides using a single probe preparation. We are aware of one commercially developed double slide hybridization setup. In this arrangement, two arrayed slides are set face-to-face inside a chamber and secured by an attached comb-like clamp along each long edge of the unit. The teeth of the comb maintain space between the two slides. The hybridization solution can then be pipetted between the teeth and is drawn inside by capillary action. This commercially available product, while rather expensive, addresses the possibility of increasing gene coverage within a single hybridization procedure.
As a cost-saving measure, we have worked to develop our own double slide hybridization approach. We have experimented with sandwiching the hybridization solution directly between two slides. A scan of an on-line microarray discussion group (http: //groups.yahoo.com/group/microarray) turns up discussion from others on their efforts with this method. However, there are several disadvantages to the direct sandwich system. First of all, it is difficult to move or handle the setup once the slide pair is assembled with the hybridization solution. Second, contour variations of a slide surface affect the distribution of solution and the amount needed, making it difficult to estimate the required volume of hybridization solution. Third, probes may be diluted, since the volume of the hybridization buffer has to increase to cover the entire slide rather than only the arrayed area, compared to using a coverslip. Finally, the weight of the top slide may impede the flow of hybridization buffer and cause uneven and irreproducible results.
In this paper, we report on a reliable, easy, and inexpensive double slide hybridization setup that eliminates most of the drawbacks of the direct sandwich method by incorporating a thin spacer between the two slides. This spacer creates a fixed distance between the two slides and confines the solution within the arrayed area. This approach eliminates most of the unwanted effects that slide physical variations may have on array results.
In creating our double slide setup, the greatest challenge was finding a suitable material for the spacer. We required that the material be (i) hydrophobic so as to repel hybridization buffer, (ii) inert to 
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most chemicals used in the experiments, (iii) as thin as possible to avoid potential probe dilution, (iv) versatile enough to fit arrays of different sizes, (v) easy to handle, and (vi) readily available. We tested and discarded materials including thin plastic sequencing gel spacer, adhesive tape, silicon gel, and Parafilm M ® (American National Can, Greenwich, CT, USA). These were rejected on the basis of undesirable properties such as potential for releasing unwanted chemicals, insufficient hydrophobicity, difficulty in handling, and heat intolerance.
In the end, we settled on polytetrafluoroethylene (PTFE; Teflon ® ) thread tape. PTFE tape is a soft, stretchable material that is highly resistant to chemicals. It is also widely used as a sealant to prevent leakage of air, water, and chemicals. This tape is easy to handle and available in a variety of thicknesses. All these properties make PTFE tape a good candidate as spacer material in our double slide setup. It is important to note that the tape thickness dictates the volume of hybridization solution needed, so the thinnest tape available should be used. PTFE tape can be purchased at most hardware stores.
To assemble our double slide hybridization unit, the first slide is set with the arrayed side up. A strip of PTFE tape is placed at each end of the slide, slightly outside the arrayed area. The second slide is then placed on top of the tape with the arrayed side down and offset by at least 1 mm on the long side of the slide as shown in Figure 1A . The array on the second slide must also be placed within the taped area. The 1-mm slide offset is extremely helpful when loading the hybridization solution and separating the slides after hybridization. After the tape and slides are properly assembled, the tape should be trimmed to match the edge of the slide. Stainless steel clips (IDEA Scientific, Minneapolis, MN, USA) are placed on both ends of the slide to secure this double slide hybridization unit ( Figure 1B) . It is important that the clips clamp directly on the area above the two pieces of tape to ensure that pressure is applied evenly. The clips also serve as handles to allow moving the double slide unit without touching the slides. If desired, the unit may be warmed in a hybridization oven before applying the hybridization buffer.
The minimum volume of hybridization buffer required is calculated as the slide area between the two pieces of tape multiplied by the thickness of the tape (We routinely use 40 µL with an area of 25 × 40 mm between tape strips and a tape thickness of 0.04 mm). After the probe has been prepared, it is applied directly onto the arrayed areas by slowly pipetting against the offset edge of the slides between the two tape strips. Surface tension retains the solution between the slides, preventing leakage.
For hybridization, we routinely place this double slide unit into a humid glass tube (Figure1C) and incubate the tube in a rotisserie hybridization oven (Matrix Technologies, Hudson, NH, USA) at 50°C overnight. We have not observed any drying of the hybridization solution within the arrayed area during our experiments over the past 8 months.
To separate the double slide unit after hybridization, we remove the clips and insert a razor blade at an offset corner of the slides. Then we pry the slides apart and place them immediately into washing buffer for processing.
To demonstrate that our double slide setup would generate comparable array data to the traditional single slide method, we prepared a hybridization solution and used it to hybridize a single slide and a double slide setup simultaneously. Figure 2A shows the distribution of Cy5 raw intensity of each gene spot from the single slide and the average of the two slides from the double slide hybridization setup. The results indicate that the hybridization intensities from our double slide setup are slightly weaker than those from a traditional single slide setup. However, the lower intensities do not affect the Cy5/Cy3 ratio as shown in Figure 2B . The Cy5/Cy3 ratios of the validated gene spots from the single slide were compared with the corresponding spots from the double slide unit. The coefficient of correlations between these two different approaches ranges from 0.89 to 0.92. This suggests that our double slide setup yields array results of similar quality to those from traditional single slide hybridization.
This double slide setup also improves data reliability. For example, it helps eliminate false positive results.
If the gene expression pattern of a spot does not occur on both slides of a replicate pair, there is a good chance that the values of this gene are erroneous. Additionally, our approach increases the reliability of data by eliminating inconsistency caused by local variations generated during the array slide preparation (including the coating, spotting, and post-processing). We believe that using this simple double slide setup will facilitate array data analysis by reducing the number of false gene spots, as well as making the best use of a single probe preparation in routine array hybridization experiments.
